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Molecular cloning of MA DM: a catalytically active mammalian 
disintegrin-metalloprotease expressed in various cell types 
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A peptide sequence of a metalloprotease purified from bovine 
brain [Chantry, Gregson and Glynn (1989) J, Biol. Chem. 264, 
21603-21607] was used to design an oligonucleotide probe for 
screening a bovine brain cDNA library. A contig of the two 
overlapping cDNA clones that were isolated encoded a 748- 
amino-acid polypeptide with similarity to the disintegrin- 
metalloprotease precursor proteins of haemorrhagic snake 
venom. The bovine protein has been named MA DM, for 
mammalian disintegrin-metalloprotease. The predicted mature 
protein has 534 amino acids arrayed as extracellular metallo- 
protease and disintegrin (potential integrin-binding) domains, a 
transmembrane helix and a basic/proline-rich cytoplasmic C- 



terminus. Highly conserved homologues of bovine MADM were 
found in cDNA libraries of rat brain and a human U937 
histiocytic lymphoma eel! line. A wide variety of mammalian cell 
lines expressed low levels of MADM mRNA (4.5 and 3.2 kb 
transcripts) and mature polypeptide (M t 62000), as assessed by 
Northern analysis and Western blotting with an antiserum raised 
to a peptide within the disintegrin domain. MADM appears to 
be a rather distantly related member of the reprolysin protein 
family, which includes both the snake venom disintegrin- 
metalloproteases and a number of predicted cell-surface 
disintegrin-containing mammalian proteins. 



INTRODUCTION 

Most mammalian metalloproteases appear to be involved in 
extracellular protein catabolism and fall into two broad func- 
tional groups. The matrix-degrading metalloproteases (col- 
lagenases, gclatinases and slromelysins) are secreted into the 
extracellular space as latent pro-forms, where they are activated 
by limited proteolysis, Matrixin activity is tightly controlled at 
the level of synthesis, which is normally very low and is induced 
by cytokines and other agenls» and by stoichiometric complexing 
with specific extracellular proteinaceous inhibitors [ 1 ,2]. A second 
group of mammalian metalloproteases are integral membrane 
proteins and include endopeptidase 24.11 (E24.1I) [3), 
endothclin-converting enzyme (ECE) [4] and meprin [5]. E24.1 1 
and ECE have active-site similarity to the prokaryote enzyme 
thermolysin, and meprin is a member of the astacin family of 
metalloproteases [6]. The substrates for E24.ll and ECE are 
relatively small peptides, but meprin, in vitro at least, can act on 
larger proteins and recently has been reported to degrade 
extracellular-matrix components [7]. There is great interest in 
metalloproteases of both these major groups because defects in 
extracellular peptide/protein catabolism. -are important in a 
variety of diseases and these enzymes constitute accessible targets 
for therapeutic intervention with suitable inhibitors. 

Some years ago we isolated from bovine brain myelin mem- 
brane preparations a metalloprotease that appeared distinct 
from either the matrixins or then-defined integral membrane 
metalloproteases [8]. This protease was subsequently shown to be 



present at similar low levels in many bovine tissues [9J. The 
metalloprotease was identified originally through serendipitous 
observation of an artefact in vUro\ i.e. it was detected as the 
major activity degrading myelin basic protein that had dissociated 
from its binding sites in myelin membrane preparations [10]. 
However, as myelin basic protein is a myelin-specific cytoplasmic 
protein it is unlikely to be the physiological substrate for this 
widely distributed protease. The aim of this study was to 
determine the primary structure of the enzyme via cDNA cloning 
to allow comparison with better-characterized metalloproteases. 

EXPERIMENTAL 
Protein biochemistry 

Metalloprotease was isolated from bovine brain myelin mem- 
brane preparations as described previously [£). N-terminal 
sequences of the purified metalloprotease and of seven tryptic 
peptides were determined by automated Edmann degradation by 
Dr. A. Willis (MRC Immunochemistry Unit, University of 
Oxford, Oxford, U.K.). 

cDNA cloning 

Standard procedures detailed by Sambrook et al. [It] were used 
throughout. Sequence (TTADEKDPTNPF) from one tryptic 
peptide was used to design a synthetic oligonucleotide probe 
ACIACIGCIGATGAGAAGGACCCIACIAACCOTT, where 



Abbreviations used: E2411. endopeplidase 24.lt; ECE. endolhelin-converting enzyme; MADM, mammalian distntegrin-metatloprotease: UTS. 
untranslated sequence. 
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t Present address: Centre for Medicines Research. Carshalton. Surrey SM5 4DS. U K. 
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The nucleotide sequences reported in mis paper have been submitted lo GenBank/EMBL Data Bank with the accession numbers Z21961 (bovine). 
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C^CCGCCCCACGCWGATGGTCT TO- r^.^rsTTAATTCTCCTCCTCTCCT^ j , ^ 



GGATTATCATATGATGTCGATTCATT^ACCAAAAACACCAG^ 

GlyLfluS*rTyrAjpVMA3pS*rUuHisG:r\lysH;3&>^?M*Ly3AfgAJ*V^^ 13 

ajAATGAAGAGttJATACTTCCaTTTCA^^ j^i 
AxqHotlysAigAjpThrSarUyPheSarCluGiuPhgAjgVaiGluThrSer^ 1U 

TTAGCCATX^TCTCTTATTfiAIGGAA^^ ^ OS 

UuMAHatCIyUuLeuUuHatGluAapLculyiAjpSorPhiiArqUuHetV*^ )S3 

GTCATTTATCATGAAGATGATATTAAGTATCCCCATAAArATGCTCCA 595 
VUIUTyrHiaCl^ptepIleLySTyrProKiaLyarycGlyPr^ 193 

ACACACACACCTCAAGAAAAACATCCTATTAATGGTCCAGAACTCCTGAOGAAAAAA(X 7lS 
ThrGlnThrFroGli\GluLy3HtaAJan«MnGlYPr<£LutAuL«u^ Z33 

AAATATTIlCGCAACAClJAGAAiKTGTGATTGCCCA^ B3S 

^TYrTyr GlYThrAr<^luMoV*lUeAiiGln[lcS«tSgfKi^^ 273 

« 

CXTCATAAGAATCAACAC AACTtXTGATGACAAG5ACCCTACAAArcCATTCCT;TT7'J"(.CAAATA7T«; TCTOGA^AA/irTTCTr^AGCTC^ArTCTC.AGCACAATCATGATGACrACTGr- 955 

AxqllaArg rUAanrhgrftrAlaAJpGluLyaA^PfoThrA^ 31 J 

« 

TTCTCCTACCTTTrCACAGAT<r.^ 

UiLAiaTyrValPharhr AjpAjqAgpPheAapAjpS^ 353 

AXJAAGAAGTCTTTAAACACTCfiAAmnACrGTTQ^M^ 1 1 *S 

LvsLvjLya^qr UuAanThrClyn+lU T hrWlGlf^n^ 353 

GATTCTXX^AACAGAGTGCACTCCAGGA£MT^^ 1315 
AjpScfGlyThrGlu CysThf ProGlyGIu^trtyjAJnLguGlyGlnLysGluAapGlyAjnTyr IJ.»W>tTyfAlaAr7AijiThfS«rClyA3pLy3LeuAjfiAjnA3nf J y3Phe5»r^ 43 J 

CTCTGTAGT AT r AGAAATArAAGTCAAGTTCnGAGAAGAAGAGAAACA^ T - 1 4 3 5 

LeuCysSgrlleArgAsnZlsSerGlnVaHeuClulysLyaAxgAJnAj^ 4"? 3 

GGTTArACTGACCAGTGTAAAGACGACTGCTCCTAC^ 

GlyryrSerAjpOlnCyalysAspGluCysCysTyrAspAlaAjnGlnProGluGly^ 51 J 

CATTGTGCATTCAAGTCAAAAACTGAAAAGTGTCCCGATGAT7CAGA CACCCTCTGATCCTAAACCCAACTTCACA- H7S 

fajCyaMtPhtfLyjSBrLyjTbrGlutyaCysArgAapAjpSwrAapC^^ $53 

* 

GACTGTAATAGACATACGtAACTGTCGATTAATGGGCXATGTGCAGGrT 

AjpCysAJa^HialhrGlnValCya^leAanGlyGLncyaAl*^^ 593 

TGCCATGT CTGCTGTATGAAjGAAGATGGAGCCATCAACT TGTGCCAGT AC AGGGTCTGTGCAGTGGAACAAGT ACTTCCT TGGTCG AACTATCACCCTGCAACCTGGAT CCCCATGCAAT - 1 9 IS 
Cy3Hi3V«lCy3CY3HBtLv3Ly3HetGluProS»tThtCvaAl<SatThfGlY5arV>lGln7rpA3nLy3tycPhel l «uGlyAf^Thr I LcThrLeuGlnPrpG l ySe r ProCyaAjn - 633 

GATT TT AG AGCCT ACTGTC ATCT TTTCATGCCCTGCAGAT7 ACT AGATGCTGATGGTCC7 CT AGCG AGGCTTAAAAAAJGCAATlTTCAGTCCACAGCTCTATCAAAACATAt:CTGAATGG-203i 
Mp?h« ArqGlyTyrCy3AjpVAlfhaMBtAjqCy3Ax9LguVfllA3pAl«A3pGlyf roLguAqaArgUutya Lys Ala I l»PheS*r ProGluL«uTy rGluAanl leAlaGlulg- 613 

ATTGTCXXTTACTCGTtXKCAXJTATTACrTATGSC^ 

AMCaCTTCCAGGCACTTTAAAGAXXiAjGAAGAjCCTCCC^^ 
Ly3pfM.BuPfoG)yThrl«uLy3AigAxgArqPcoPfoGlnPrQll«;inGl^^ 



Figure 1 For legend see lacing page 
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best guesses were made for Lhe final base in 2-fold redundant 
anions and inosine was used in cases of 4-fold redundancy. The 
probe was end-labelled with ("PJphosphate and used to screen 
approx. 800000 plaques of an oligo-(dT)-primed A gUO bovine 
brain cDNA library (a gift from Dr. A. Jackson, University of 
Cambridge, Cambridge, U.K. [12])- Hybridization and washing 
were done at 46 °C in 2 x0A5 M NaCl/0.015 M sodium citrate 
(SSC)/0.1% SDS, Positive plaques were subjected to three 
rounds of screening until a single clone with a 0.9 kb insert was 
isolated. Insert cDNA was excised with EcoKl purified, random- 
labelled with [ 32 P]dCTP and used to rescreen the same brain 
library with a more stringent final wash (1 xSSC/0.1 % SDS at 
65 °C). Positive plaques were taken through three further rounds 
of screening. A 2.4 kb positive clone was isolated; insert cDNA 
was excised using ///'mill and BamH\ and then iigated into 
pUCIK. Double-stranded DNA of the recombinant plasmids 
was sequenced with Sequenase kit version II (USB) using initially 
A gtlO forward and reverse primers and subsequently primers 
designed from the sequences obtained. Each base on both strands 
was sequenced at least three times, and the data were analysed 
using PC/GENE programs (Intelligenetics). The initial 0.9 kb 
clone comprised nt 1-930 of the sequence shown in Figure I and 
was truncated at its 3' end by an internal EcoK\ site. The 2.4 kb 
clone was truncated at its 5' end and comprised nt 47-2385 of 
Figure 1. A contig was constructed from the two partial clones, 
and similarities between the sequence of the deduced bovine 
polypeptide and other proteins in the databases were sought 
using BLAST and TFASTA programmes. 

A 1.3 kb portion of the isolated bovine cDNA (corresponding 
to nt 662-1980 of Figure 1 ) was amplified by PCR, radiolabeled 
(Megaprime Kit; Aroersham) and used as a probe to screen a A 
gtlO rat brain cDN A library (catalogue no. RL1403a ; Clontech). 
Filters were hybridized in the presence of 20% formamide at 
42 ° C and finally washed in 2 x SSC at 45 °C A positive clone 
(designated clone E) was isolated through three rounds of 
screening; its 2.1 kb insert was subcloned into pBluescript SK, 
sequenced and shown to have a 5' end equivalent to nt 924 of the 
bovine cDN A sequence. Further 5' sequence was obtained by the 
rapid amplification of cDNA ends technique using a kit from 
Clontech and poly(A)*-RNA isolated (see below) from rat brain. 

Identical procedures were used to isolate a clone designated 
pXL from a A gtlO human histiocytic lymphoma cell (U937) 
cDNA library (Clontech catalogue no. HLi036a; a gift from Dr. 
G. Harper, SB Pharmaceuticals). pXL contained a 13 kb insert 
with a 5' end equivalent to nl 1 335 of the bovine cDN A sequence. 
Additional 5' sequence for the human homologue of the bovine 
metalloprotease was obtained by PCR on aliquots of the U937 
cDNA library between a primer homologous to the 5' end of 
pXL and the A vector primer. 

Horthern and Western blotting 

Poly(A) + -RNA was isolated from human cell lines by centri- 
fugation in caesium chloride gradients [1 1 ] followed by chromato- 
graphy on oligotex-(dT) beads (Qiagen). Aliquots (10 //g) were 
run on formamide gels, transferred to Hybond-N + membranes 
and hybridized with a radiolabellcd human cDNA probe (pXL). 
The membranes were washed at high stringency (65 °C; 



0.1xSSC/0.I% SDS) and then exposed to X-ray film with 
intensifying screens for 2 days at -80 °C. 

A peptide (FDANQPEGKKC) corresponding to amino acids 
485-^95 of the deduced rat and human polypeptide sequences 
was synthesized (by Professor N. Groome, Oxford Brookes Uni- 
versity, Oxford, U.K.), coupled to keyhole limpet haemocyanin 
with w-maleimidobenzoyl-N-hydroxylsuccinimide ester and used 
to immunize rabbits. Antisera were prcadsorbed with (keyhole 
limpet haemocyanin)-Sepharose and tested by Western blotting 
against glycoproteins that were 'isolated by concanavalin A- 
Sepharose chromatography from various tissues and cell lines as 
described previously, except that alkaline phosphatase-labelled 
Protein A and bromochloroindoyl phosphate/Nitro Blue Tetra- 
zolium substrate were used to reveal reactivity on the blots (9J. 
Our earlier work with a monoclonal antibody raised to the 
purified bovine metalloprotease had established that it comprised 
less than 0.01 % of total tissue protein and could not be detected 
by Western blotting of crude homogenates [9]. 

RESULTS AND DISCUSSION 

General features of the cloned metalloprotease cDNA and domain 
structure of the encoded protein 

A contig of the sequences of the 0.9 kb and 2.4 kb cDNA clones 
isolated from the bovine brain library (see the Experimental 
section) and the predicted protein it encodes are shown in Figure 
1. The cDNA clone has a 13 nt poly(A) + tail at its 3' end, and 
57 nt upstream of this is the hexamer ATT A A A, which is the 
most frequently observed deviation from the consensus poly- 
adenylation signal A ATA A A [13]. The first initiator codon, 
ATG, begins at nt 17, is flanked by nucleotides (A-14 and G-20) 
conforming to a Kozak consensus sequence [14] and is followed 
by an open reading frame encoding a protein of 748 amino acids. 
All the peptide sequences of the metalioprotease determined by 
Edman degradation are found within this predicted protein, 
including the mature N-terminus, which begins at Thr-214. 

The mature protein contains four potential glycosylation sites 
(Asn residues 267, 278, 439 and 551) of which (at least) Asn-278 
is actually modified, as indicated by its characteristics during 
Edman sequencing of the tryptic peptides. The glycosylated 
metalloprotease purified from bovine brain has an apparent M r 
of about 62000 in reducing SDS/PAGE (results not shown). 
This value compares reasonably well with a calculated M x for the 
predicted mature polypeptide (Thr-2I4-Arg-748) of 59200. The 
predicted protein has a typical eukaryotic signal sequence 
(residues 1-19) and a potential transmembrane helix (residues 
673-696). 

A sequence database search revealed significant similarity 
(18.6% identity over the region of overlap; amino acids 46-653 
in Figure I) between the deduced protein sequences of the bovine 
protease and jararhagin, a metalloprotease present in the venom 
of the pit viper, Bothrops jararaca [15]. Jararhagin and closely 
related proteins in other haemorrhagic snake venoms have four 
domains [16]: I, prc-prosequence; 2, protease; 3. disintegrin; 
and 4, cystcine-rich domains. In addition to the four domains in 
jarahagin, the bovine protein has a potential transmembrane 
helix and a predicted cytoplasmic C-terminus of 51 residues rich 



Figure 1 cONA and deduced protein sequences lor the bovine metalloprotease 

l"C peeled eukaryotic signal sequence is marked with arrowheads ( a a a a a a a ). The mature N-tefminus. Thr-2U. is marked with an astensk. Regions ot protein sequence determined 
=■/ £in«n delation are underlined Solid circle symbols mark potenliat M gtycosyfation sites. The internal ftvRt site and polyade^lalion signal are bold and underlined. The catalytic iinc-bmomg 
we (residues 383-393) i$ shown in bold uppercase letters. Tne pwative membrane-spanning domain is double underlined and bold. The 3' untranslated nucleotide sequence begins ai me stop 
:ocor, taa yn\ 2261-2263) and is snown m lower case leueiv 
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I.EU4SEONHDDrCIAyVFTORDFDDCVU;tAWVCAPSGS5a;iCEKSKLt 
^LNSEQKHODYCLAYVFTDROFODGVtClAWG^PSGSSWICEKSiaTr 
LELNSEQHHDDYCLAYVnDRDFDDGVtGlAHVCAJ>SGS5GGICEKS»aif 
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PG ES KMIjGCKEKG Y I HYARATiCO KLNNN KTS ICSIRNI SQ VL EKKRNN «iO 
pGESlWLGQKtlJGHyjMYARATSGDKLNKWKfSt-CSI RNISQVLEKKRNN 

CFVESGQPICGNCWVtQGECCDCGYSDQCKDECCrOANOPEGKKKLKPG 500 
C FVESGQP 1CCNGKVEQGEEC DCGYS DQCKDCCC FDANQPEGR XCKLKPG 
CFVESGQ P t CCKGKVEQGEEC DCG M DOC KEECCFDAWOPECKKCKIKPC 
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Figure 3 Expression ot MAOM mRNA in dilferent human cell lines 

Poty(A) + RNA was isolated Jrom Ihe cell lines indicated, and equal amounis (10 //g/lane) were 
subjected to Northern analysis a$ described in the Experimental section. The migration ol 
standard RNA sire markers (kb) is indicated. Lane 1. Y79; 2. U937; 3. MRC-5 SV1 ; 4. 
D9B/AH2; 5. A549. 
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Figure 2 Deduced protein sequences from bovine, rat and human MAOM 
cONAs 

Non-identical residues are marked win solid diamond symbols, and positions ol me extended 
zinc-binding site (HEV...PH) and the predicted transmembrane helix (WIV.. GFO, are 
underlined with stars. Slop codons are indicated by a single asterisk. 



in proline (23.5°, 0 ) and basic amino acids (23.5 ° 0 ). The greatest 
similarity between jararhagin and the bovine protein was found 
over the disintegrin (potential integrin-binding) domain (36.6% 
identity). In recognition of this homology the bovine protein was 
named MADM, for mammalian disintegrin-mcialloprotease. 

The long pre-prosequence of MADM (residues l-213)conlains 
a single cysteine (Cys- i 73) that., by analogy with metalloproteases 
of the matrixin and snake venom families, may interact with the 
zinc ion at the active site ofthe protease domain and maintain 
the proenzyme in a latent stale [17,18]. The prosequence ends 
with the teirabasic motif RKKR, a typical cleavage site for furin- 
like proteases in the Golgi, and is characteristic of proteins that 
are transported to the cell surface by a constitutive pathway 
rather than one that involves storage in granules [19,20]. This 
predicts that MADM will be presented at the cell surface with the 
mature N-tcrminus of its protease domain exposed and its 
catalytic zinc ion in an active form. This is quite different to 
the majority of secreted latent proenzymes of the matrixin 
family but similar to the processing recently described for 
prosiromelysin-3 [2l|. The prosequence of a membrane-type 



matrixin (membrane-type matrix metalloprotease) terminates 
with the motif RRKR, and thus pro-membrane-type matrix 
metal toprotease may also be processed by furin [22]. 

The protease domain of MADM (residues 214-455) contains 
an extended zinc-binding site, HEVGHNFGSPH (residues 383- 
393), and is followed by disintegrin and cysteine-rich domains 
(residues 456-550 and 551-653) thai contain 15 and 13 cysteine 
residues respectively. The cysteine-rich domain is linked to the 
predicted transmembrane helix by a stretch of 19 amino acids. 

Rat and human homologues of MAOM and distribution in tissues 
and cell lines 

Part of the 2.4 kb bovine MADM cDNA clone was used to 
screen libraries of rat and human cDNA (see the Experimental 
section). Partial cDNA clones encoding proteins highly similar 
to bovine MADM were isolated, not only from a rat brain 
library but also from a human U937 histiocytic lymphoma cell 
line library, indicating that MADM is not a brain-specific 
transcript. The 3' untranslated sequences (UTSs) ofthe rat and 
human cDNAs were incomplete, as indicated by their lack of a 
poly(A) + tail, but were still substantially longer than the 3' UTS 
ofthe bovine MADM cDNAclone. Nevertheless, the polypeptide 
sequences deduced from the coding region of these cDNAs were 
97% identical over the region of overlap (Figure 2). The human 
cDNA clone (pXL) was used as a probe for Northern analysis ol 
poly(Ar-RNA isolated from U937 cells and four other human 
cell lines and revealed transcripts of 4.5 and 3.2 kb, the larger 
being especially prominent in A549 cells (Figure 3), The reason 
for the presence of two human MADM mRNA species is not 
clear, but may reflect differences in the lengths of the 5' and 3 
UTSs. 

We have reported the use of a monoclonal antibody, CG4 
which recognizes a species-specific epitope of the bovine brail 
metalloprotease, to demonstrate its presence at similar low level: 
in various bovine tissues, including kidney, spleen, lung, adrenal 
heart and peripheral nerve [9J. To allow screening of human ant 
rodent cells and tissues we raised an antiserum to a disimegrii 
domain peptide sequence conserved between these two specie 
(see the Experimental section). This antiserum readily delected : 
band of M T 62000 at similar levels in Western blots o 
dilhiothreitol-reduced glycoproteins isolated from a variety o 
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rai and bovine tissues (bruin, kidney, lung, spleen, ovary and 
testis: results not shown} and from a diverse range of mammalian 
cell lines, including bovine kidney (MDBK), mouse erythro- 
Icukaemia (MEL), rat oligodendroglioma (33B), human 
carcinomas from colon (Colo 201 and HT1 15) and lung (A549), 
retinoblastoma (Y79) and histiocytic lymphoma (U937) (Figure 
4). Lower levels of the M t 62000 polypeptide were present in a 
bovine lymphocyte line (BL-3). human carcinomas from cervix 
(D98) and larynx (Hcp2) and fibroblast lines from normal 
embryo (SI 814. PBS) and simian virus 40-transformed foetal lung 
(MRC-5 SVI) (Figure 4). 

The M t 75000 positive band in glycoproteins from D98 cervical 
carcinoma (Figure 4, lane 4) may represent an immature, partially 
processed form of MADM, although it appears rather small for 
the predicted full proMADM (approx. M r 85000). However, as 
this band was not seen in any other cell types its identity was not 
pursued further. Preincubation of the antiserum with the 
immunizing peptide, but not with a control peptide, blocked the 
staining of the M x 62 000 band on glycoprotein blots and thereby 
demonstrated the specificity of the reactivity (results not shown). 

Our earlier studies [9] on the distribution of MADM in tissue 
homogenates left open the possibility that the protein was present 
solely in a common cell type (such as vascular endothelium or 
connective tissue fibroblasts). The present experiments dem- 
onstrate that MADM is expressed at low levels in a wide range 
of epithelial and haemopoietic cells that are both adherent and 
non-adherent in vitro- Nonetheless, it should be noted thai the 
amount of MADM in glycoprotein fractions from any of the cell 
tines examined was not greater than that in glycoproteins 
extracted from whole tissues including brain and kidney (results 
not shown). 



Comparison ol MADM with other disintegrin-containino, proteins 

Since 1992 it has become clear thai a number of mammalian 
proteins and ihe snake venom disiniegrin-metalloproteases are 
members of the same family, the reprolysins [23). The domain 
structures of the predicted mature forms of representative 
mammalian members of this family and of jararhagin are 
compared in Figure 5. PH-30 [24) and epididymal apical protein- 
1 (251 "re expressed in the male reproductive tract, and there is 
good evidence that PH-30 is involved in sperm-egg recognition 
and fusion (26). PH-30 exists as an a-0 heterodimer in which the 
potentially catalyticaIVy active meialloprotease domain plus most 
of the disintegrin domain of the a precursor and the catalylicalty 
inactive meialloprotease domain of the ji precursor are removed 
during maturation of the protein [27]. MeHrin-oc is involved in 
myoblast fusion and appears lo require further processing to a 
form lacking most of the protease domain to function in this role 
[28]. The putative functions of the other mammalian members of 
this family are unknown. 

Among the mature proteins depicted in Figure 5, MADM 
appears most similar to mehrin-a (see above) and MS2 [29]. MS2 
was isolated by subtraciivc hybridization methods from a mouse 
macrophage cell line and appears to be a macrophage-spccific 
transcript. Northern analysis of macrophage RNA reveals two 
abundant MS2 transcripts (3.1 and 4.6 kb) whose expression is 
substantially enhanced by phorbol ester treatment |29|. By 
contrast. MADM mRNA transcripts (3.2 and 4.5 kb) are found 
M low levels in a variety of cell types (see Figure 3), and 
expression (at least in UW. Y79 and A549 cells) is not greatly 
enhanced by phorbol osier treatment (results not shown). Like 
MADM. MS 2 has a ■ ha sic/ proline- rich cytoplasmic tail, a 
transmembrane helix ami evira^eltubrdisinlL-grin and potentially 
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Figure 4 Expression of MADM polypeptide in various mammalian cell lines 

Glycoproteins were isolated Irom the cells indicated, ar«J equal amounts (6 //Q/taw) were run 
on SOS/PAGE, transferred to nilreceltulose blots and probed wilfi rabbil antiserum to a 
disirtterjriri domain peptide (see the Experimental section), f he migration ol slartdard protein si?e 
markers (KT 3 x M) is indicated, Lanes t-9 are human cell lines and lanes 10-13 are olher 
mammalian cell lines: 1, Y79: 2, UW; 3, MRC-5 SVt : 4. 098/AHZ; 5, A549; 6. Hep?: 7. 
Colo 201 ; 8 HTI15; 9, S18RPB5: 10. M0BK; It. 6L-3; 12, MEL: 13, 338. 



active protease domains. Nonetheless, MS2 and MADM differ 
structurally in that mature MS2 (apparent M r 89000) has an N- 
terminal extension beyond the protease domain [29]. 

Within the reprolysin family, epididymal apical protein- 1, 
meialloprotease disintegrin/cysieine-rich protein [30,31] and PH- 
30// have catalytically inactive metalloprotcase domains, since 
ihey lack some of the critical active-site amino acids 
(HEXXHXXGXXH). whereas MADM, MS2, meitrin-a and the 
PH-30oc precursor have a full complement of these residues 
(Figure 6a). The third His in this sequence is followed by Asp, a 
signature for members of the reprolysin family as opposed to the 
astacins and matrixins that have GIu and Ser, respectively, in this 
position [32]. 

It has been suggested lhat a 4 methionine turn' following the 
extended zinc-binding site plays an important role in the struc- 
tural integrity of the active site of all these meialloprotease 
families, collectively known as metzincins [33J. In the region 
between the zinc-binding site and the conserved methionine. 
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Figure 5 Representative members ot the reprolysin protein family: domain 
structure ol the mature polypeptides 

Mature polypeptides that lack some ol the critical residues. HEXXHXXGXXH, required '<r 
catalytic site rinc binding are shown with a meialloprotease Uke domain (see also Figure 
EMM. epididymal apical protein 1 ; cloned ironrt rat and monkey \l% MDC. metaltop-cte-^ 
disintegtin/cysieine rich protein; present in various tissues as two isolotms with (769 v \ 
acids pOD and without (S24 amino acids |3H) a transmembrane domatn ot which -the («*^- 
is mote abundant and shown in the figure. U. N terminal domam.'Q. meiallop'Oita^ _ 
meialloprotease liKe domam icaiaiytically inactive) : Q. riismteg^n cysteine -nch oomair. ■ 
liansmemorane nelu. Q. cyiopiasmic domain. 
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